Noriko SAITO, Hajime AN DA, Di LI and Kunihito KOUMOTO* Advanced Materials Laboratory, National Institute for Materials Science, 1-1, Namiki, Tsukuba-shi, Ibaraki 305-0044 *Department of Applied Chemistry , Graduate School of Engineering, Nagoya University, Furo-cho, Chikusa-ku,Nagoya-shi 464-3603 1. Introduction Zinc oxide is one of the representative electro ceramic materials and it has good properties for varistors, transpar ent electrodes, and surface acoustic wave devices. Especial ly, it has been a promising phosphor material for high-reso lution field emission displays, because of its ability to retain high efficiency even at low voltage excitation.1) Patterning techniques are useful for arrangement of phosphor or wiring electrodes. For integration technology of ceramic materials, micropatterns are greatly expected in various applications.
Conventionally, patterned ceramic thin films are formed by selective etching or liftoff processes using photoresists. However, it has been hard to find suitable etching conditions free of influence on the substrate, or to obtain high-resolu tion pattern edges even after tearing the ceramic films in liftoff processes. To solve these problems, techniques of site-selective growth have recently been developed. Huang et al. have reported a novel synthesis of ZnO nanowires through a vapor-liquid-solid (YLS) process on Au-catalyzed surfaces.2),3) Photo-enhanced chemical vapor deposition method4) is another example. Since these growth processes require heat-treatments at high-temperatures, which can damage substances already present on the substrates, a new micropatterning technique available at room temperature is desired.
For such demands, there has been a growing interest in the so-called 'biomimetic' approach to site-selective deposi tion to prepare ceramic oxide patterns at low temperatures in solutions, using self-assembled monolayer (SAM) templates.5)-11) By modifying the surface functional groups of the substrates with SAMs, the interactions with inorganic substances can be controlled and the deposition manner can be designed. So far, the authors attempted patterning ZnO on SAMs through electroless deposition of ZnF (OH) .10),11) The precipitate particles, however, were not small enough for high-resolution patterning.
Recently, the present authors have succeeded in low-tem perature fabrication of 1-tcm width ZnO line patterns using a phenyl/OH-terminated patterned SAM as a template and demonstrated cathodoluminescence of visible light from the ZnO patterns.l2) Catalyst of Pd/Sn colloid was adhered to the phenyl-surfaces, as performed for the selective electro less plating of Cu or Ni proposed by Calvert et al.13),14) ZnO was grown on the catalyzed phenyl-surfaces by the electro less deposition method developed by Izaki.15),16) In order to improve the pattern resolution and the film properties, it is necessary to understand and control the deposition process more precisely. In the present paper, we have investigated the microstructure of the ZnO film deposited on the cata lyzed SAM mainly by using transmission electron micro scopes (TEM), to clarify the mechanism of film growth.
2.
Experimental procedure Figure  1 Rint2000, Rigaku) measurement using CuKa radiation. The crystallite size was estimated from the broadening of XRD peaks using LaB6 (SRM-660a, NIST) as the stan dard. Microstructures of the ZnO film were observed using scanning electron microscopes (SEM; JSM-6400, JEOL and S-5000, Hitachi), an atomic force microscope (AFM; Nanoscope IIIa, Digital Instruments) with contact mode and TEMs (JEM-2000EX and JEM-4000EX, JEOL). The excitation voltages for TEM were 200 and 400 kV for low and high-resolution images, respectively. For the TEM ob servation, a foil was prepared by cutting the sample coated with epoxy resin. The elements of the deposits on the sub strate were determined by energy-dispersive X-ray analysis (EDX) equipped in the TEM. 
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By the electrons produced through oxidation of DMAB (Eq. The results of TEM-EDX analysis for the regions in a ZnO particle and around catalyst particles are shown in Fig. 7 Selected-area electron diffraction patterns were taken for three ZnO particles. The crystal orientation in each particle was random. Clear diffraction spots reveal that each ZnO particle is a single crystal. Figure 8 exemplifies a typical result.
From the broadening of the XRD peaks, we estimated the crystallite sizes parallel and vertical to the c-axis to be 110 nm and 40nm, respectively. However, the estimation was not consistent with the present TEM results that the ZnO particles were single crystals. Accordingly, the broadening of the XRD peaks should be attributed to the strain to the direction vertical to the c-axis.19) The strain is probably due to the defects originated during the growth in an aqueous so lution.
The ZnO particles deposited on the catalyzed substrate were almost equigranular single crystals much larger than the catalyst particles (2-3 orders difference). There are two possible growth models to explain the above experimental results. One is the selective nucleation of ZnO occurring on only some but not all of the catalyst particles, followed by successive growth. The other is that nucleation took place on all the catalyst particles and some particles grew by con suming of the other small particles. In the present study, there were not significantly small particles remaining at in 
